Oxidation of acyclic Schiff-base dipyrromethanes cleanly results in dipyrrins, whereas the macrocyclic 'Pacman' analogues either decompose or form new dinuclear copper(II) complexes that are inert to ligand oxidation; the unhindered hydrogen substituent at the meso-carbon allows new structural motifs to form.
Bimetallic complexes with a well-defined molecular structure and controlled internuclear separation are of significant interest in small molecule activation chemistry. 1 In this context, several polypyrrolic Schiff-base macrocycles reported by us and others act as ligands for s-, d-and f-block metals. [2] [3] [4] [5] These complexes have a tendency to fold into cofacial or 'Pacman' structures that provide a reactive cleft between the two metals suited to cooperative catalytic reduction chemistry, 6, 7 with the macrocycles disubstituted at each dipyrromethane meso-carbon position providing two dianionic coordination compartments.
A large number of dipyrromethanes that are mono-substituted at the meso-position are readily oxidised to their dipyrrin congeners, most notably by 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ). 8 Significantly, transition metal dipyrrin complexes have interesting photochemical and redox properties, 9 carry out unusual chemical transformations, including C-H bond activation, 10 and flexible N 4 -dipyrrin macrocycles have been prepared, although little exploited due to their difficult preparations. 11 As such, we are interested in exploring analogous oxidation procedures to form a new set of dipyrrin Pacman macrocycles with two mono-anionic coordination pockets to stabilise metals in lower oxidation states and hence favour small molecule reduction chemistry. The preparation of acyclic and macrocyclic dipyrromethanes was achieved by exploiting the mono-meso-substituted dialdehyde 1 12 to form diiminodipyrromethane 2 in 74% yield using standard Schiff-base condensation methods (Scheme 1). The solid-state structure of 1 was determined by X-ray crystallography and is shown in the ESI. † The 1 H NMR spectrum of 2 revealed the appearance of an imine proton resonance at 8.18 ppm accompanied by the loss of the aldehyde resonance of 1 at 9.24 ppm. The absorption band at 1623 cm −1 in the IR spectrum of 2 is assigned to the imine functional group. Oxidation of 2 was achieved using stoichiometric amounts of DDQ to afford the dipyrrin HL 1 in quantitative yield, 13 and is supported by the loss of the meso-proton resonance at 5.69 ppm in the 1 H NMR spectrum. (Fig. 1) , and the spectra for 2 and they are similar to pyridomethene-BF 2 complexes.
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A small number of crystals were grown from THF-hexane solutions of FeBr(L 1 ), and were found to be the oxidised
2) in which the Fe centres are five-coordinate and adopt a distorted trigonal bipyramidal geometry with pyrrole N1, Br1, and O1 equatorial and pyrrole N3 and imine N2 axial. As with HL 2 , one imine nitrogen N4 is rotated out of the pocket and is not coordinated. The overall dinuclear structure is reminiscent of a Pacman arrangement, with perfluoroaryl groups and t Bu-aryl substituents adjacent. The XFe(μ-O)FeX core (X = halide) is common in Fe chemistry, albeit usually as part of a wholly inorganic anion.
The determined by X-ray crystallography (Fig. 3) . Surprisingly, and unlike previous examples, H 4 L 3 crystallises excluding any protic solvent molecules that are usually hydrogen-bonded in the cleft. 4, 16 Instead, THF solvent molecules are hydrogenbonded to each pyrrole group with each imino-pyrrole unit twisted with respect to its neighbouring units in a non-folded configuration that minimises ring-strain. Macrocycle H 4 L 4 crystallises in a bowl geometry in which the anthracene groups are held further apart than they are commonly found in metal complexes; in this case, protic solvent molecules are present within the cleft. The [2 + 2] cyclisation between 1 and the diamine could result in either syn-or anti-isomers in which the relative positions of the meso-substituents dictate the identity of the were determined by X-ray crystallography (Fig. 4 and 5 , and ESI, † respectively) and in all cases show non-oxidised dipyrromethane macrocycles, evident from the tetrahedral bond angles around each meso-carbon atom (mean a = 110.2°for Cu 2 (L 3 ) and 111.0°for Cu 2 (L 4 )). This is in disagreement with the mass spectrometry data of these complexes and suggests that the macrocycles may oxidise under MS conditions.
Unexpectedly, the o-phenylene-bridged macrocycle in Cu 2 (L 3 ) adopts a 'bowl' conformation on metalation, 19 bonding to the metal through two adjacent pyrrolide-imine groups and folding at the meso-carbon atoms, resulting in a wide bite angle of 152°between the two N 4 -donor compartments and a torsional twist of 24.8(2)°; this results in a long Cu⋯Cu separation of 6.493(6) Å. These data contrast to those of copper(II) complexes of the meso-disubstituted macrocyclic analogues, which adopt 'classical' Pacman structures on metalation through hinging at the arene rings, and suggests that the macrocyclic topology is controlled through the choice (or absence) of meso-substituent; these latter Pacman complexes exhibit much smaller bite angles (52-62°) and shorter Cu⋯Cu separations of 3.47-4.05 Å. 5, 16 A structurally similar U(III) complex was recently reported to adopt a similar coordination geometry to Cu 2 (L 3 ), 20 but in bowl-shaped complexes of other metals, the pyrrole groups remain protonated and the two metal centres are bridged by anions, such as hydroxides. cene groups and the diiminodipyrromethane coordination pockets (Fig. 5) . Again, the internuclear separation is controlled through choice of the meso-substituent, (Fig. 6 ). These redox events are assigned tentatively to the formation of Cu 2 
and Cu 2 (L 3 ) 2− , respectively, i.e. oxidation to Cu(III) and sequential reduction to Cu(I). The reversibility of these processes suggest they are metal-based; electrochemical oxidation of the macrocycle to the dipyrrin is anticipated to be irreversible due to the loss of hydrogen atoms and the required change in geometry that would follow. We have synthesised two new acyclic dipyrrin compounds and two new Schiff-base macrocycles. These macrocycles are not readily oxidised to their dipyrrin congeners, even when metalated, yet due to the sterically unhindered meso-carbon we have been able to prepare two new copper(II) macrocyclic complexes that adopt unexpected structures with very dissimilar Cu⋯Cu separations; we are currently investigating the electronic structures and redox behaviours of these complexes by EPR spectroscopy and electrochemistry, as well as their reactivity towards CO 2 and other reducible substrates.
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